A qualitatively different character of dHvA oscillations has been found in a multiband (quasi)two dimensional Fermi liquid with a fixed fermion density n e (canonical ensemble) compared with an open system where the chemical potential µ is kept fixed (grand canonical ensemble). A new fundamental period P f appears when n e is fixed, a damping of the Landau levels is relatively small and a background density of states is negligible. P f is determined by the total density rather than by the partial densities of carriers in different bands: P f = 1/(2n e φ) for spin-split Landau levels and P f = 1/(n e φ) in the case of spin degenerate levels where φ is the flux quantum.
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The de Haas-van Alphen oscillations of susceptibility as a function of the inverse magnetic field 1/H are well studied both experimentally and theoretically [1] . The frequency of the oscillations is proportional to the extremal cross section of the Fermi surface. Therefore, in the multiband metals one would expect several different dHvA periods corresponding to the independent contributions of different bands. [1] [2] [3] The dHvA effect in closed and open systems was analysed by Dingle back in 1951 [4] with the conclusion that there is practically no difference because the dependence of the chemical potential on the magnetic field, in the case of fixed n e , is very weak. In this Letter we show that while this is true for three dimensions and(or) for the relatively large damping of Landau levels, the dHvA effect is qualitatively different in the near two-dimensional (2D) canonical Fermi liquid compared with the grand canonical ensemble if the damping is relatively weak.
If we keep the total number of electrons per area, n e , in the near 2D metal fixed the chemical potential will oscillate with inverse magnetic field, 1/H. These oscillations are responsible for a new fundamental period in the two-or multi-band Fermi liquid. The value of the period can be evaluated by using a simple dHvA resonance condition. There are no partially occupied Landau levels at the resonance. In two dimensions each of the Landau levels can be occupied by pH carriers per cm 2 , where p = 1/(2φ) if the levels are spin split, and p = 1/φ if they are not (φ = πhc/e is the flux quantum). Then the dHvA resonance condition for fixed n e is
where N = 1, 2, 3... is determined by
Combining Eq.(1) and Eq.(2) we obtain the fundamental dHvA period
which is independent of the band structure according to the following simple argument.
In a multiband metal the Landau levels (LL) will be occupied sequentially depending on their energy. It turns out that it is quite difficult to obtain the fundamental frequency in multiband metals with the use of the standard Poisson summation formula. In what follows, we shall therefore consider firstly the case of a clean 2D metal at zero temperature with (i) the total number of electrons being fixed and (ii) the chemical potential µ being fixed (i.e. the metal is well connected to some "reservoir" of electrons). Then we shall estimate the effect of the broadening of the Landau levels.
Let us consider a two-band 2D metal with different band masses, where the bands are split into series of Landau levels ( Fig. 1 ),
where i = 1, 2 is the band index, and ω i = eH/(m i c) is the cyclotron frequency. Each level is degenerate, contains pH states, and is broadened by collisions with impurities into a Lorentzian with Dingle width ∼h/τ . [4] We shall assume thath/τ ≪hω, and describe the situation where the N 1 levels in the first band and N 2 levels in the second band are occupied, and the last Landau level in the first band is partially occupied by xpH electrons, where x = n e /(pH) − [n e /(pH)], 0 < x < 1, and [a] stands for the integer part of a.
3
Let us now consider canonical and grand canonical ensembles.
(i) Canonical ensemble (n e = const). Generally, the orbital moment is found from
where G is the electron Green's function which accounts for collisions, [5] and the chemical potential µ is defined by the conservation of the total number of electrons, n e . In the multiband case for a clean metal it would amount to a rather complicated non-linear equation if we were to apply the standard Poisson summation formula. To elucidate the physics, we shall consider first the limiting case of zero temperature in the clean limit. By counting the number of electrons in the Landau levels we obtain
with a similar relation when the LL in the second band is partially occupied. Then we immediately have for the period of the dHvA oscillations P f = 1/H − 1/(H + ∆H) = p/n e , i.e. the same fundamental period as we have found before, Eq. (3), which is the same for all bands. For the energy we have, if the partially occupied LL belongs to the first band,
with a similar equation when the partially occupied LL belongs to the second band; the moment is found from M = −dE/dH. We are interested in the semiclassical regime, where the total number of occupied Landau levels is large, N tot = n e /(pH) ≫ 1, as well as the number of occupied LL in each band,
The chemical potential is pinned to the partially occupied LL and oscillates about the mean
(ii) Grand canonical ensemble, µ = const. In that case the period is defined by the condition of the LL crossing the fermi level,
), and we find that the oscillations have independent periods
with the ratio
where S i is the area of Landau orbit in a plane perpendicular to the field. We see that if
there were no band offset, the ratio of the periods would have been given by the ratio of inverse masses. If the Dingle temperature is much smaller than the inter-level spacing, the total energy will be given by Eq. (7) without the term containing x. It is interesting to note the existence of a simple sum rule relating individual and fundamental dHvA frequencies
The moments calculated for two cases with Fig. 2(a) ], similarly to a one-band 2D metal. [1] In grand canonical ensemble there is a steady flow of electron into the system with reducing field resulting in overall monotonous change of the absolute value of the moment [ Fig. 2(b) ].
The Fourier transform of the total moment (Fig. 3) 
